Climate extreme indices in Tanzania for the period 1961-2015 are analyzed using quality controlled daily rainfall, maximum and minimum temperatures data. RClimdex and National Climate Monitoring Products (NCMP) software developed by the commission for climatology of the World Meteorological Organization (WMO) were used for the computation of the indices at the respective stations at monthly and annual time scales. The trends of the extreme indices averaged over the country were computed and tested for statistical significance. Results showed a widespread statistical significant increase in temperature extremes consistent with global warming patterns. On average, the annual timescale indicate that mean temperature anomaly has increased by 0.69˚C, mean percentage of warm days has increased by 9.37%, and mean percentage of warm nights has increased by 12.05%. Mean percentage of cold days and nights have decreased by 7.64% and 10.00% respectively. A non-statistical significance decreasing trends in rainfall is depicted in large parts of the country. Increasing trend in percentage of warm days and warm nights is mostly depicted over the eastern parts of the country including areas around Kilimanjaro, Dar-es-Salaam, Zanzibar, Mtwara, and Mbeya regions. Some parts of the Lake Victoria Basin are also characterized by increasing trend of warm days and warm nights. However, non-statistical significant decreasing trends in the percentage of warm days and warm nights are depicted in the western parts of the country including Tabora and Kigoma regions and western side of the lake Victoria. These results indicate a clear dipole pattern in temperature dynamics between the eastern side of the country mainly influenced by the Indian Ocean and the western side of the country largely influenced by the moist Congo air mass associated with westerly winds. The results also indicate that days and nights are both getting warmer, though, the warming trend is much faster in the minimum temperature than maximum temperature.
Introduction
Hydro-meteorological related disasters, particularly from climate extremes are responsible for about 90% of all global natural disasters [1] . Changes in many extreme weather and climate events have been observed since 1950 [2] [3] [4] .
The frequency and magnitude of climate extremes including droughts, floods and heat waves have been found to increase on global scale, and have significantly contributed to the loss of life and properties and severe infrastructure damages in various parts of the world [5] [6] [7] . Recent IPCC reports [2] [3] [4] confirm that it is very likely that there has been an overall decrease in the number of cold days and cold nights, and an overall increase in the number of warm days and warm nights. The frequency of heavy precipitation is likely to increase in the 21 st century over many areas of the globe, while there is medium confidence that droughts will intensify in some areas due to reduced precipitation and/or increased evapotranspiration [2] .
Over the last few decades most parts of Tanzania have experienced an in- is attaining high quality livelihoods through ensuring food self-sufficiency and 
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Data
Daily rainfall, maximum and minimum temperatures from 18 meteorological stations ( Figure 1 ) for the period 1961-2015 were used in this study. The geographical coordinate and elevation of the stations used in the study are provided in Table 1 . These data was collected from the Tanzania Meteorological Agency.
Data Quality Control
Assessment of the data quality is pre-requisite step in the analysis of climate indices [12] [13] . It provides opportunity to identify suspicious data and any erroneous outlier that might influence the analysis including daily values outside the user-predefined threshold. It helps to verify whether a reported data value is representative of what was intended to be measured and has not been contaminated by unrelated factors. Software such as RClimdex and recent developed National Climate Monitoring Products (NCMP) software are often used to examine the data and identify and list those that fail pre-defined tests [13] . This is then followed by expert examinations and judgments of the possible causes of error and determines appropriate corrections. In a case where maximum temperature is indicated to be less than minimum temperature, that data will be flagged out as a suspicious. In this study, rainfall and temperature data were subjected to and harmonize climate monitoring [7] . The computation of the six NCMP involve calculation of the monthly indices for each station or grid point, followed by the interpolation of the station or grid values for each month using ordinary kriging to obtain a spatially-complete analysis on a regular grid. The spatially complete analysis is then averaged across the area covered by the country to calculate the NCMP for that month. The basic steps in computation of the indices involve quality control of the daily data, computation of the indices, computation of the variogram for each Index, interpolation of the data for each Index, and averaging each index across the country. Detailed description of the methods and approach used in the computation of the climate indices using RClimdex and NCMP software is provided in [13] [15] and can also be accessed from [16] [17] [18] . The linear trends presented in this study (Table 3 and Figures 2-10 ) are computed from the indices series using a Kendall's tau based slope estimator [19] . This estimator is robust to the effect of outliers in the series. It has been widely used to compute trends in hydro-meteorological series, see for example [19] Indices also classified as the NCMP, computed in this study for Tanzania is provided in Table 2 .
Results and Discussion
The results of the spatial and temporal patterns of the trends in climate extremes indices averaged over the country are presented in Table 3 
Trends in Temperature Extremes
Trends in mean monthly temperature anomaly averaged over the country for the period 1961-2015 are presented in Table 3 and Figure 2 for the cold nights (Table 3) . These results indicate that nights are warming much faster than days, which literary implies that minimum temperature is be- This is the mean temperature anomaly for the month, season or year averaged across the country. It measure the overall warmth or cold relative to the normal conditions.
NCMP 2-Total rainfall anomaly
This is the rainfall anomaly expressed both as a simple difference (anomaly) from the base-period average and as a percentage of the base-period average. It is the anomaly for the month, season or year averaged across the country.
NCMP 3-Standardized Precipitation Index (SPI)
This is a percentile-based measure of the standardized rainfall anomaly for the month, season or year averaged across the country. It is used to monitor rainfall and drought and it is calculated using rainfall.
NCMP 4: Warm days
This is the warm days index. It is a measure of the country-average percentage of days that exceeded the 90 th percentile of the base period distribution for maximum temperatures.
The number of warm days is a standard index produced by the RCLIMDEX software (created by the Expert Team on Climate Change and Detection Indices) index.
NCMP 5: Cold nights
It is the cold nights index. It measures the country-average percentage of days that fell below the 10 th percentile of the base period distribution. The number of cold days is a standard ETCCDI (Expert Team on Climate Change and Detection Indices) index and is widely used.
NCMP 6: Temperature and Precipitation Station Records
It is a number of stations that reported a record daily maximum temperature, minimum temperature and precipitation. terlies. Figure 7 represents the spatial distribution of the percentage of cold nights for the same period, whereby a decreasing trends is depicted in the entire country, but being more pronounced and statistically significant over the eastern part of the country.
Trends in Extreme Rainfall Indices
Trends in extreme rainfall indices are presented in Table 3 
Conclusion
This study provides an assessment of the observed trends in key climate extreme indices characterized by maximum and minimum temperature, and rainfall. The analyses were done using daily rainfall and daily temperature datasets from 18 meteorological stations for the period 1961-2015. Five temperature extreme indices including temperature anomaly, mean percentages of warm days, warm nights, cold days and cold nights, and two rainfall extreme indices including mean rainfall anomaly and the Standardized Precipitation Index (SPI) were computed and then subjected to trend analysis. It has been observed that both maximum and minimum temperature exhibit statistical significant increasing trends at monthly and annual time scales. Mean annual temperature anomaly has increased by 0.69˚C, while the percentage of warm days has increased by 9.37%. Comparatively mean percentage of warm night has increased by 12.05%, which is relatively faster trend than the trend in warm days. The percentage number of cold days has decreased by 7.64%, while percentage number of cold nights has decreased by 10.0%. Spatial analysis of the observed temperature trend has indicated a coherent and widespread warming over the large part of the country, particularly over the eastern part, while a non-statistical significant decreasing temperature trends is depicted in some few areas over western part of the country. A non-statistical significant decreasing trend is depicted in percentage change in mean rainfall anomaly and in Standardized Precipitation Index. These results are consistent with observed global warming trends and underscore theunderlying complexity and un-certainties in the assessment of precipitation patterns as extensively depicted many literaturesin most parts of the world.
